Masses of the lowest multiplets of c, b-mesons in S-and P -wave states with quantum numbers J P C : 0 −+ , 1 −− , 0 ++ , 1 +− , 1 ++ , 2 ++ are obtained with the help of dispersion N/D method of heavy quark effective theory. The results are in a good agreement with experimental data. Radiative decay widths for some states mentioned above were calculated.
Introduction
The mass spectrum of the charmed and beauty mesons is the subject of investigation of many theoretical papers using the different approaches.
The unquestionable advantage of the potential approach to the description of heavy mesons is its simplicity and clarity. One can calculate the masses, the radiative and the annihilation decay widths using a chosen potential [1] [2] [3] [4] [5] [6] [7] .
This allows to determine the meson wave functions in a wide range of distances and to describe the quark interaction dynamics. The method of QCD sum rules has been successfully used to determine the masses of the light and heavy mesons [8, 9] . Owing to a small relative difference of the resonance masses the bottomonium contribution of Υ-meson and ground states in other channels dominates only for the momenta with n ≥ 20. The most difficulty of applying the sum rule method for bottomonium -is to take into account the relativistic corrections, i.e. the next term in the expansion in n −1 . For this it is necessary to sum up all the terms of the type of (α s n 1/2 ) k n −1 , or α 2 s (α s n 1/2 ) k (since α s n 1/2 ∼ 1), which side by side with the pure relativistic effects (described by the Breit-Fermi Hamiltonian) contain the radiation corrections of the order of α 2 s . This difficulty reveals, for example, in the calculating of masses 1P -bottomonium levels. In this case the quark model can be used, which takes into account the relativistic effects of the quark interaction dynamics.
After the discovery of the D * sJ (2317) [10] and D sJ (2460) [11] mesons a number of experimental investigations of these narrow resonances was carried out [10] [11] [12] [13] [14] . Their masses are 100 MeV smaller than those predicted by the quark model. A large number of theoretical papers was devoted to the study of structure of these mesons. The interpretation of the D * sJ (2317), D sJ (2460) as the lowest P -wavecs-states [15, 16] is natural. However another nature of these states is also supposed: DK-molecule [17] , tetraquark states [18, 19] , Dπ-atom [20] and others. In our study these states are considered as thecsmesons. The masses of all states with the open charm and the charmonium states with the quantum numbers J P C : 0
been calculated (Table 1) . The analogous computations have been carried out to the b-mesons including the u, d, s, c, b-quarks (Table 2) . We have used the dispersion N/D method of heavy quark effective theory.
Section II is devoted to the computation of the mass spectrum of c, b-mesons with the quantum numbers
++ with the help of the dispersion N/D method of heavy quark effective theory (Tables   1, 2 ).
The radiative decay widths of heavy mesons are calculated in Section III with the help of the dispersion integration method.
The results of the c, b-meson characteristics computation and the problems, which remain open, are discussed in the Conclusion.
N/D method in heavy quark effective theory
The amplitude of the N/D method is defined as:
Here m 1 is the heavy quark Q(Q = c, b) mass, m 2 is the light quark q (q = u, d, s; qQ−meson) mass or the heavy quark Q (Q = c, b; QQ−meson; m 2 ≤ m 1 ) mass, Λ is the cutoff parameter, ρ(s) is the two-particle phase space, which is given by formula [21] [22] [23] :
α, β, δ are the coefficients, which are different for different states ( 
We take into account, that the expression
We obtain an expression for the function B(s), which describes accurately the heavy meson spectrum and has also the same structure as the explicit expression for B-function [21] [22] [23] :
Upon explicitly calculating the function B and analytically continuing it in s to the region (m 1 + m 2 ) 2 < s < Λ, we arrive at an ultimate expression (5) for B(s).
By substituting the calculated function B(s) into (1), we find the roots s 0 of Eq (1). Equation (1) The accuracy of the search may be improved by enlarging the scale of the graph. Considering that s 0 = M 2 − iMΓ, we can obtain the mass M and the decay width Γ as:
The calculations show that there is only one root s 0 in the complex-plane region of interest; at a given value of Λ the mass and the width of the state corresponding to this root depend only on g that is a dimensionless constant from the expression for G(s).
Four parameters were used for the calculation of the qc-meson masses:
, where g qc determines the constant G(s), Λ qc − a parameter giving the cutoff; ∆ q , ∆ c − P -wave mass shifts of the q-and c-quarks.
The effective parameters ∆ q and ∆ c of quark mass shifts m eff = m + ∆ [24] lead to the scale change of quark potential and allow to obtain bound states in P -wave.
The values of the light quark mass (m u,d =0.385 GeV, m s =0.510 GeV) and the heavy quark masses (m c =1.645 GeV, m b =4.94 GeV) were taken from [25] . Four parameters mentioned above were determined by using the exper-
For the computation of cc-mesons two more parameters were used: g c , Λ c , where g c determines G(s), Λ c − a parameter giving the cutoff. These two parameters were determined by using the experimental data on masses of the η c , J/ψ-mesons.
Analogous two parameters were used for the qb-mesons: g qb , Λ qb , where g qb determines G(s), Λ qb − a parameter giving the cutoff. The parameters were determined by the experimental values of the B, B * -meson masses.
For the cb-mesons one parameter -g cb was used, which is determined by the experimental value of the B c -meson mass [26] .
Λ cb is derived from Λ c and Λ b :
Three parameters were used for the bb-mesons: Tables 1,2 . It is seen from 
Radiative decays of heavy mesons
Calculations of radiative decay widths are carried out with the masses, which are taken from the experimental tables [26] .
The decay width V → γP : (V corresponds to the notation of a vector meson,
where α = e 2 /4π = 1/137, M V is the vector meson mass, M P is the pseudoscalar meson mass. We are using the dispersion integration method [27]
In the center-of-mass frame [28, 29] :
where S V →γP (s, s ′ , q 2 ) is a spin factor, G P and G V are the vertices, which practically do not depend on energy, e 1 is the charge of quark 1, f 1 is its form factor,
where k max is the quark momentum cutoff,
The expressions for the spin factors [28, 29] :
The numerical results: 
where M V is the vector meson mass, M A is the axial meson mass .
where S A→γV (s, s ′ , q 2 ) is the spin factor, G A and G V are the vertices, which practically do not depend on energy, e 1 is the charge of quark 1, f 1 is its form factor,
where
S → γV
The decay width S → γV : (V corresponds to the notation of a vector meson, S− the scalar meson)
where M V is the vector meson mass, M S is the scalar meson mass, which is above threshold, i.e. M S > (m 1 + m 2 ) 2 . The Lehmann representation [30] is used here
The inverse propagator
takes into account the finite width corrections of the scalar R resonance, which take into account the contribution of the two-particle virtual intermediate ab states to self-energy of the R resonance,
In real axis of m
is the width of the R → ab decay, m = m ab is the invariant mass of the ab state, g R ab is the coupling constant of the R resonance with the two-particle ab state, and
Propagators under discussion satisfy the Lehmann representation
in the wide domain of coupling constants of the scalar R resonance with the two-particle ab states.
In the one-channel case when the decay threshold is lower than the R resonance one has:
In the center-of-mass frame:
The expressions for the spin factors:
The numerical results:
For comparison the calculation results on these radiative decays in other models are presented in table 5.
Conclusion
The relativistic quark model for the study of the heavy meson spectroscopy is constructed in the framework of the dispersion approach. The N/D method of heavy quark effective theory was used for the computation of the mass spectrum of the charmed and beauty mesons: the multiplets
sJ (2317) and D sJ (2460) states attract a particular attention. The masses of these states are obtained to be 100 MeV smaller as compared to the experimental data (Table 1) . It seems not enough to account the contribution of thecs configuration only, but it is necessary to take into account a composite of tetraquark state [31] to obtain the masses close to the experimental data. The radiative decay widths have been calculated for these mesons using the experimental data on their masses. The radiative decay widths of these states are in good agreement with the results of other quark models (Table   5 ) [32, 33] . Table 5 contains also the calculation results in the framework of the Model of QCD Sum Rules [34] and of the Vector Dominance Model [35] .
In the present work we managed to describe all S-and P -wave multiplets of the charmed and beauty mesons using a small number of parameters. The proposed method allows to satisfy in the case of b-mesons the qualitative ratio for gluon coupling constants: g qb < g b . The use of the dispersion N/D method in heavy quark effective theory allows to consider the spectroscopy of exotic heavy mesons and baryons taking into account the threshold singularity. The experimental data are given in parentheses [26] . The experimental data are given in parentheses [26] . Table 3 . Coefficients α, β, δ. 
